WO 2005/046522 



PCT/DE2004/002253 



STENT 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a stent for treatment of stenoses. 

[0002] Stenoses are innate or acquired vessel blockages or constrictions 
of tubular body tubes, such as, for example, windpipe, bronchial tubes, 
esophagus, bile ducts, urinary passages, aorta, and coronary or other body 
vessels. Stenoses are oftentimes caused by tumors which exert pressure upon 
the body tubes. Stenoses can be opened by surgical and non-surgical 
procedures. Non-surgical procedures involve stents which are introduced into the 
vessel in the area of the stenosis using catheter techniques. The stents assume 
the function as vascular prostheses for supporting the inner vessel walls. 

[0003] Stents are available in different constructions and designs of the 
support frame. WO 96/26689, US 5,861 ,027 A, DE 297 02 671 U1 or DE 295 21 
206 U1 are mentioned here as examples. 

[0004] The stents include a tubular support frame of metal which is made 
of several ring segments. The latter are formed by wave-like or meander-shaped 
struts which are sequentially joined in an endless manner via arcuate sections. 
Adjacent ring segments in longitudinal axis of the stent are linked by connectors. 

[0005] Implantation involves compression of the stents, referred to in the 
art as crimping. When crimped, the stents are transferred with the aid of a 
suitable instrument into the area of the stenosis and deposited there, wherein the 
support frame is expandable from an initial state to a support state of comparably 
greater diameter. This expansion may occur spontaneously, when so-called self- 
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expanding stents are involved, or may be realized with the aid of a suitable tool, 
a balloon catheter for example. 

[0006] Practice has shown that the support frames oftentimes are either 
unable to provide the necessary radial forces to sufficiently resist a stenosis, or 
are so designed as to impede the function of the vessel. Other constructions, in 
turn, cannot be sufficiently crimped or are not flexible enough, when crimped, in 
order to be able to reliably follow the body vessels and its turns. 

SUMMARY OF THE INVENTION 

[0007] Based on the state of art, it is therefore an object of the invention to 
provide a stent with highest possible stability, in particular radial strength, while 
allowing good utilization of material. 

[0008] According to one aspect of the invention, a stent includes a tubular 
support frame which is expandable from an initial state to a support state. The 
support frame is made of ring segments which are arranged sequentially in 
longitudinal stent axis and formed by struts which are joined continuously in a 
wave-like manner in circumferential direction of the support frame. Adjacent ring 
segments are linked by differently long connectors with U-shaped compensating 
sections. All these compensating sections point in accordance with the invention 
in a same circumferential direction. Connectors of different length alternate in 
circumferential direction as well as in longitudinal stent axis. 

[0009] This design is configured in such a manner that in support state of 
the stent, the immobile struts, which converge respectively with their ends in 
nodal points that act as friction-free joints, establish a type of self-stabilizing 
framework structure. Radial forces acting from outside to load the stent are 
absorbed in the nodal points and deflected there into the various strut directions. 
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Thus, the stent according to the invention is characterized by a high stability and 
high radial strength. This can be utilized to reduce the material thickness and the 
strut width of the strut frame, resulting not only in a decrease of material use but 
in particular in a greater flexibility and better crimping capability of the stent as 
well as to a better restenosis rate, as existing studies have shown. 

[0010] The stent may be made of metal. All deformable metals or metal 
alloys that are medically feasible can be used, e.g. special steel, cobalt alloys 
(phynox), pure iron, or in particular nickel-titanium alloys. 

[0011] Of special interest is the stent according to the invention also as 
plastic stent which generally have no great strength. In particular bio-absorbable 
plastics are used here. 

[0012] The stent according to the invention is respectively designed to 
conform to body vessels of different diameter. A principal configuration in the 
initial state involves wave-like ring segments and the interposed connectors. The 
latter are designed geometrically, in particular with respect to length of the 
diagonal struts and their relative angular disposition, in such a manner that the 
wave crests on one hand and the wave valleys on the other hand of adjacent ring 
segments oppose one another frontally. 

[0013] A characteristic feature of the invention is further that the struts are 
curved arcuately and merge into one another via arcuate sections, with all struts 
being curved in the same circumferential direction. This is advantageous for the 
crimping procedure. 

[0014] The connectors are placed behind one another in longitudinal stent 
axis so as to realize a wave-like continuous band of connectors, with short and 
long connectors changing alternatingly. According to another feature of the 
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present invention, the connections of the connectors, arranged successively in 
longitudinal stent axis, to the arcuate sections - i.e. in the nodal points - oppose 
one another frontally. Also this measure positively affects the force pattern in the 
support frame to resist forces exerted from outside upon the nodal points and 
deflect them into the struts. 

[0015] According to another feature of the present invention, the long 
connectors have arcuate legs which are disposed on both sides of the 
compensating sections and, in correspondence with the overall design, are 
curved in the same circumferential direction as the struts. 

[0016] A length shortening of the support frame, caused theoretically by 
the expansion process and by the transition of the diagonal struts into a stretched 
shape, is compensated by the compensating sections in the connectors. 

[0017] Overall, a frame support is realized with high radial stiffness in the 
support state. This ensures a very good and homogenous splinting of the vessel 
wall with a functionally suitable support. Still, a stent according to the invention is 
very easy to crimp and exhibits in this state a smooth flexible arrangement of the 
ring segments in the support frame. The stent can very easily be moved through 
the windings of a body vessel while being arranged on a balloon catheter for 
example. This smooth handling affords the user and the patient high safety 
during implantation. 

BRIEF DESCRIPTION OF THE INVENTION 

[0018] An exemplary embodiment of the invention will now be described in 
more detail with reference to the drawings, in which: 
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[001 9] FIG. 1 shows a developed view of the stent pattern of a stent 
according to the invention in the initial state; 

[0020] FIG. 2 shows the stent pattern in the support state; and 

[0021] FIG. 3 shows the stent pattern according to FIG. 2 with 
illustration of the ideally desired framework structure. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] FIGS. 1 and 2 show each a developed view of the stent pattern of a 
stent 1 according to the invention. FIG. 1 shows the stent pattern of the stent 1 in 
initial state A after its manufacture. FIG. 2 represents the developed view of the 
stent pattern in expanded support state S. 

[0023] The stent 1 is made of metal or plastic and includes a tubular 
support frame 2 of several ring segments 3 arranged successively behind one 
another. The illustrations of FIGS. 1 and 2 are not to scale. In particular FIG. 2 
does not illustrate the total number of ring segments 3 of the stent 1 as in FIG. 1 . 

[0024] In the non-expanded initial state A, as shown in FIG. 1, the ring 
segments 3 have a wave-like configuration of struts 5, 6 which continuously 
adjoin one another via arcuate sections 4. Wave crests 7, on one hand, and 
wave valleys 8, on the other hand, of adjacent ring segments 3 oppose one 
another frontally. The rings segments 3 are interconnected by connectors 9, 10 
which extend in the direction of the longitudinal stent axis L. Each connector 9, 
10 has integrated therein a U-shaped compensating section 11, 12, respectively. 
The latter point all in a same circumferential direction U across the entire support 
frame. 
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[0025] It can be seen that the connectors 9 and 10, respectively, are 
designed of different length. The long connectors 10 have on both sides of the 
compensating sections 12 arcuate legs 13 which are curved in initial state A in 
the same circumferential direction U as the struts 5, 6. Short connectors 9 and 
long connectors 10 alternate in circumferential direction U as well as in 
longitudinal stent axis L. 

[0026] Also the struts 5, 6 have an arcuate configuration, with all struts 5, 
6 being curved in the same circumferential direction U. The connections 14, 15 of 
the connectors 9 and 10, respectively, arranged in succession in longitudinal 
stent axis L, to the arcuate sections 4 oppose one another frontally. As a result, 
an advantageous force pattern or a force introduction is realized from the nodal 
points 16 between the struts 5, 6 or the ring segments 3, and the connectors 9, 
10. 

[0027] The configuration of the support frame 2 results in a self-stabilizing 
framework structure in the support state S of the stent 1 , as shown in FIG. 3 by 
way of superimposition of a theoretic model upon the support frame 2 in the 
support state S. The thick line represents the desired ideal framework structure. 
The immobile struts 5, 6 converge respectively in the nodal points 16, with the 
nodal points 16 acting like a joint. This configuration ensures a high stability and 
radial strength in the support state S. In the initial state A, the stent 1 can be 
curved very easily to a small diameter, and is flexible enough to ensure safe 
introduction of the stent into a body vessel in the area of a stenosis with the aid 
of an implantation instrument, normally a balloon catheter. The stent 1 is 
expanded there. This may take place spontaneously or with the aid of an 
implantation instrument. 
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